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Studies show the high information content of the cutting process parameters, such as cutting force 
and power. Determination of the cutting force by the calculation method was one of the first tasks 
that the science of cutting materials solved. 


One of the founders of the theory of metal cutting, scientist K.A. Zvorykin, proceeding from the 
position that the cutting force is equal to the resistance of the metal of the workpiece being 
machined, the plastic deformation of chip formation and the friction force on the surfaces of the 
cutter, derived a theoretical equation for the cutting force. The conclusion was based on design 
schemes that reflect the work of a planer tool moving relative to the workpiece at a speed У. Based 
on the premise of the equality of forces simultaneously acting on the cutter and in the shearing plane, 
K.A. Zworykin derived the theoretical equation for the cutting force: 


в ат – f? )соѕ y+2f, sin у | = 
sin Ә[(1 = fih )соѕ(у =" 9)+ (f, T Р, )sin(y a @)] | 


(1) 


The works of A.M. Rozenberg, I.M. Klushin, N.N. Zorev, M.F. Poletik, V.A. Krivoukhov are 
devoted to the system of acting reduced forces, the specifics of plastic deformation of chip formation, 
as well as the geometric shape of the maximum plastic deformation zone, replacing the concept of a 
shearing plane. 


The cutting force equation proposed by these authors is inaccurate, since their conclusions were 
based on many omissions in the analysis of physical and mechanical processes in the cutting zone 
and are complex in form, and therefore have not been widely used. 


G.I. Granovsky proposed a simplified cutting force equation 


where: Ô д - tensile strength of the processed material; 


fy - cross-sectional area of the cut layer, mm’. 
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The product Крд; expresses the specific resistance of the workpiece material to cutting. It has been 


experimentally established that when cutting carbon structural steels Kr~2.5. For other grades of 
structural steels, depending on their chemical composition, structural state and mechanical 
properties, the coefficient Кр=2.3-2.8. 


The proposed equation for the cutting force makes it possible to estimate the value of the force acting 
in the cutting process only in the first approximation and cannot be used in accurate calculations. 


V.F. Bobrov proposed to use empirical generalized formulas for calculating the cutting force 
components, which include cutting mode parameters - depth, feed and speed directly, and other 
factors indirectly. The formula contains correction factors that take into account the influence of the 
mode parameters acting on the forces, and the determination of which under production conditions is 
not associated with great difficulties. The general form of these formulas is represented as a 
dependence: 


P=Cit?SYV"°K м (3) 


These dependencies are quite simple and convenient, and therefore they are widely used in 
engineering calculations, however, due to the fact that they give very approximate and averaged 
results, it is not advisable to use them explicitly for the adaptive control problem. 


Let us analyze the influence of the elements of the cutting mode on the specific energy consumption 
e of the cutting process. To do this, we determine at what values of cutting conditions the condition 


д 
is satisfied a = 0, assuming the following empirical model 


де 5 


А5 = —4383,6— + 4,376— =0 


у? StV 
since V#0 , then 527 = 0.001 


In Fig.1. curves of dependence of specific energy consumption on cutting speed are constructed for 
three cases: 


1- provided S*t< 0.001 
2- provided S*t> 0.001 
3- provided S*t= 0.001 


From the analysis of the curves, it follows that during the finishing turning of structural steels, the 
specific energy intensity, depending on the cutting speed, changes as follows: 


> when the condition 5°/= 0.001 is met, the specific energy consumption does not depend оп the 
cutting speed /e = const/; 


> at S*t< 0.001, with an increase in cutting speed, the specific energy consumption also increases; 


at S°t> 0.001, with increasing cutting speed, the specific energy consumption decreases. 
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Fig.1. Influence of cutting speed У on specific energy consumption е in turning structural steels 
e-1-t=0.1 mm, S=0.05 mm/rev, HB=200 
А -2-t=0.3 mm, S=0.1 mm/rev, HB=200 
m-3-t=0.1mm, S=0.1 mm/rev, HB=200 


On fig. 2. shows the areas of change in feed and depth of cut, corresponding to a decrease Л/ and ап 
increase ЛІ/ in specific energy consumption with increasing cutting speed. When turning with modes 
corresponding to curve A, with an increase in cutting speed, the specific energy consumption is a 
constant value. 

A typical effect of cutting speed on the chip formation process can be characterized by the diagram 
in fig. 3. 
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Fig.2. The areas of change in feed 5 and depth of cut t correspond to a decrease (Т) апа an increase 
(ID in specific energy consumption e with an increase in cutting speed У, when cutting structural 
steels. 
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Fig.3. Scheme of the typical effect of cutting speed on chip settling, vertical projection of cutting 
force and specific energy consumption when cutting steel with a small rake angle. 


According to the scheme, chip shrinkage and cutting forces, starting from a certain low cutting speed 
Ут, decrease with increasing cutting speed. This drop continues until cutting speed V2, at which 
cutting forces and chip settling reach a minimum. A further increase in cutting speed leads to an 
increase in cutting forces and chip shrinkage, which continues up to the cutting speed Уз, where the 
cutting forces and chip shrinkage become maximum. Finally, as the cutting speed increases above V3, 
the cutting forces and chip shrinkage begin to fall, and this fall, gradually fading, continues up to the 
highest cutting speeds. 


Since chip shrinkage reflects the value of the specific work of chip formation, the nature of the 
change in specific energy intensity coincides with the change in the value of chip shrinkage with 
increasing cutting speed. 


Velocity values У», V2, V3 (Fig. 3.) depend on the thickness and width of the cut, the properties of the 
processed and tool materials, and the geometric parameters of the cutter. 
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Fig.4. Dependence of specific energy consumption on feed S and cutting speeds V. 
t=0.2 mm, HB=200, steel. 


| Middle European Scientific Bulletin, VOLUME 24 May 2022 


MIDDLE EUROPEAN SCIENTIFIC BULLETIN ISSN 2694-9970 


Studies have shown that the typical effect of cutting speed on the chip formation process occurs at 
large thicknesses of cuts, a > 0.147. 


For small cut thicknesses, there is only one maximum chip shrinkage - in the region of high cutting 
speeds. The thinner the cut, the more this maximum is shifted towards high cutting speeds. Reducing 
the ratio of the cut width to its thickness (less than 3+5) also shifts the maximum chip shrinkage 
towards higher speeds. 


When turning structural steels with cutting conditions corresponding to the II zone, the cut thickness 
is small and varies from 0.071 mm to 0.018 mm. The ratio of cut width to thickness varies from 1.9 
to 20. In this case, the maximum chip shrinkage, i.e. the maximum specific energy intensity is shifted 
towards cutting speeds of more than 250 m/min. In the speed range below this value, chip shrinkage 
and specific energy consumption increase with increasing cutting speed, which is confirmed by 
experimental studies (Fig. 1). 


When turning structural steels with cutting conditions corresponding to zone I, with an increase in 
speed from 1.7 to 4.2 m/s, the specific energy consumption decreases, which is a typical effect of 
speed on the chip formation process. In this case, the maximum chip shrinkage and specific energy 
intensity corresponds to a speed of less than 100 m/min. 
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Fig.5. Dependence of specific energy consumption e on feed S and depth of cut t in steel turning. 
V=4.2 m/s, HB=200 


On fig. 4 and 5 show the change in specific energy consumption from cutting modes. An analysis of 
the spatial curves shows that the change in the specific energy consumption depending on the cutting 
conditions is complex. The value of the specific energy consumption in the finishing turning of 
structural steels depends very much on the cutting speed, thickness and width of the cut. The analysis 
of the dependences of the specific energy consumption of the cutting process on the elements of the 
cutting mode confirms the information content of the signal in terms of power and its suitability for 
use in control systems for the process of machining machine parts. 
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